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Abstract: The aim of the study was to evaluate the impact of Moringa oleifera seed protein concentrate 
supplementation on the nutritional composition of biscuit. Biscuit was supplemented with M. oleifera seed protein 
concentrate at 2, 4 and 6% and evaluated for the proximate composition, amino acid profile, mineral element 
composition, microbiological properties and sensory qualities. The proximate composition result showed that the 
biscuits contained: 8%, 58.92%, 6.45%, 0.32%, 0.97% and 26.32% moisture, crude protein, crude fat, crude fiber, 
ash and carbohydrate, respectively. The essential amino acids were lysine (6.57%), leucine (6.02%), tryptophan 
(5.23%), valine (5.20%), phenylalanine (4.25%), threonine (4.10%), histidine (4.03%), isoleucine (3.34%) and 
methionine (2.94%). The proximate composition results showed a slight but progressive increase in crude protein 
content due to the supplementation while the overall quality acceptability did not show any statistically significant 
difference among the biscuit samples. The microbiological result also revealed that the biscuits were safe and the 
level of detection were within the safe range for baked products. It was concluded that supplementation of biscuit 
with M. oleifera seed protein concentrate is safe and the consumption of the biscuits may support growth and 
development of children who are the major consumers. 
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1. Introduction 
 
Biscuits constitute one of the major baked products that are globally recognized and consumed. However, the 
continued consumers’ demand for quality food products that are convenient, safe, tasty and of adequate nutrition 
[1] has resulted in the supplementation of wheat flour with other flours [2–4] leading to production of a baked 
product with a more pronounced nutritional and health benefits. These foods, including baked products are called 
functional foods due to the health benefits derivable from the consumption of such foods in addition to the normal 
supply of nutrition. The common health benefits such as antihypertensive, antidiabetic, free radical scavenging 
abilities ascribed to the consumption of such foods are due to the different bioactive components (polyphenol, 
protein, peptides) in the added food ingredients.  
Wheat flour is a basic ingredient in biscuit production because of its gluten protein, which are not present in the 
flour of other cereals [5]. Protein quality of wheat is inferior to that of most cereals and this has resulted in a 
number of efforts to supplement wheat flour with other protein rich flour  [3,6–9]. A major portion (50 to 60%) of 
the minerals and vitamins in wheat grain is found in the bran, aleurone, and germ. These grain components are 
partially or totally removed during milling. Hence, the inferior nutritional quality of wheat flour gets pronounced 
further through the flour  refining process [3]. Biscuit is a baked product produced from wheat flour which is a 
high energy food, rich in carbohydrate and fat [10] but low in other nutrients such as protein, mineral and vitamin 
[11,12]. Furthermore, the nutritional quality of biscuit is low because of the inferior nutritional compositions of 
other ingredients (fat, salt, sugar, flour etc) used during preparation. The ingredients mostly provide fats and simple 
carbohydrate which can contribute to rapid fluctuation in blood sugar level and increased body weight. In order to 
increase the nutritional composition of baked products, many studies have investigated several potential 
alternatives to  wheat flour with other supplementary flour [3,6–9].  
One of the major nutritional challenges in developing countries and especially Nigeria is malnutrition which is 
due to inadequate consumption of protein [13]. A potential and convenient means to reduce this challenge is to 
supplement baked products such as biscuits with protein since they are commonly consumed among people 
especially by children. Moringa oleifera seed is an underutilized but important food source with high crude protein 
content up to 50% on dry weigh basis [14].   
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The author’s previous studies had reported the nutritional and bioactive properties of M. oleifera seed proteins 
[15–17] and its potential application in food system [18]. However, no previous studies has reported on the 
utilization and nutritional properties of biscuits supplemented with M. oleifera seed protein. Therefore, the aims 
of the study were to evaluate the nutritional and microbiological properties of biscuits supplemented with Moringa 
oleifera seed protein concentrate.  
 
2. Material and methods 
 
2.1 Source of materials 
Moringa oleifera seeds and wheat flour were bought from King’s Market, Ondo state, Nigeria.  
 
2.2 Production of moringa oleifera seeds protein concentrate flour 
Moringa oleifera seed protein concentrate was obtained using a previously described method [17]. Defatted 
flour samples was dispersed in 0.1 M NaOH (1:20, w/v), mixed for 1 h and centrifuged at room temperature 
(3500rpm for 30min). The supernatant was adjusted to pH 5 and left in the refrigerator at 4oC for 8-12 h. The 
acidified mixture was then centrifuged (3500 rpm, 4 °C, 30 min), the precipitate was oven dried at 50oC.  
 
2.3 Formulation of biscuit supplemented with moringa oleifera seed protein concentrate 
Moringa oleifera seeds protein concentrate (MSPC) were added to wheat flour (WF) at different proportions:  
Control (100 % WF, 0% MSPC); sample WMSP2 (98% WF, 2% MSPC); sample WMSP4 (96% WF, 4% MSPC) 
and sample WMSP6 (94% WF, 6% MSPC). 
 
2.4 Production of biscuit baking 
The biscuits were produced using a previously reported method [19]. Briefly, other ingredients (sugar, baking 
powder, water, baking fat and salt) were mixed with a mixture of wheat and Moringa seed protein concentrate 
flour. The fat was creamed with sugar until fluffy, the other dry ingredients were added, and water was added until 
the desired texture of the batter was obtained. The batter was kneaded on a rolling table to acquire the desired 
thickness. The batter was later cut to round shape with the aid of biscuit cutter. It was baked in the oven at 200oC 
for 10minutes, cooled and packaged  
 
2.5 Determination of proximate composition of moringa oleifera seeds protein concentrate flour 
and biscuit 
Proximate compositions (moisture content, ash, crude fibre, crude protein, and crude fat) of the protein 
concentrate and biscuit were determined using previously described method [20] while carbohydrate content was 
determined by difference 
 
2.6 Determination of amino acid profile of moringa oleifera seeds protein concentrate flour and 
biscuit 
The amino acid profile was determined following a previously reported method [21]. Samples were prepared 
for amino acid determination by acid hydrolysis. Hydrochloric acid (6 N) was used to hydrolyze the sample for 24 
h at 110°C in a vial under vacuum and N2 atmosphere. The sample solution was evaporated and dissolved in 
sodium citrate buffer (pH 2.2). The hydrolysates were analyzed by a post-column derivative method using a HPLC, 
which was combined with a Pickering PCX5200 derivatizer (Pickering Laboratories, Inc., USA) and ion exchange 
column (3.0 × 250 mm, 8 μm). The amino acids were spectrophotometrically identified by measuring at 570 nm. 
 
2.7 Determination of mineral composition of moringa oleifera seed flour and biscuit 
This method is based on ion-exchange chromatography. At first, the samples were measured and heated at 
800°C for 6 h in a muffle furnace. Then 2 mL conc. HNO3 was added to the sample and heated to evaporate. Then 
10 mL conc. HCl was added and heated for 10 min. The sample was then filtered and volume made up to 100 mL. 
From the filtrate 10 mL was diluted again in a 100 mL volumetric flask. The sample was then analyzed by Thermo 
Scientific DionexIonpacTMICS-1600 column (4x250mm) based on ion-exchange chromatography. 
 
2.8 Microbiological assessment of concentrated protein and biscuit 
Each agar was prepared according to manufacturer’s instruction for aerobic mesophilic count, yeast, mould and 
coliform count. 
 
2.9 Physical Properties of the Biscuit 
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The physical properties were determined as previously reported [11].  The electronic weighing balance was 
used to take the weight, the Vernier caliper was used to measure the diameter and thickness of the biscuit. The 
Spread ratio (SR) was calculated by dividing the diameter over the thickness. 
 
𝑆𝑆𝑆𝑆 =  𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑑𝑑ℎ𝑑𝑑𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑖𝑖𝑖𝑖
                                                                                                                                                      (1) 
 
2.10 Statistical analyses 
All the data generated from the results were in triplicate, and subjected to analysis of variance (ANOVA). 
Means were tested for significances by Duncan’s Multiple Range Test (p<0.05). Data are presented as mean ± SD 
 
3. Results and discussion 
 
3.1 Proximate composition of biscuit supplemented with moringa oleifera seed protein concentrate 
The proximate compositions of the control sample (100% wheat biscuits, WF) and other samples supplemented 
with Moringa oleifera seed protein concentrate at 2% (WMSP2), 4% (WMSP4) and 6% (WMSP6) are shown in 
Table 1. The data revealed high crude protein content in the concentrate (58%).  Supplementation of the biscuit 
with Moringa oleifera led to progressive but slight increase in the crude protein contents of the biscuits. This might 
be due to the marginal quantity of Moringa seed protein concentrate used in the supplementation. Previous studies 
on supplementation of biscuit with other protein sources had reported  higher crude protein contents [4] but at 
higher supplementation level. Inclusion of Moringa seed protein flour could lead to higher protein content. 
Conversely, the supplementation led to a decrease in the carbohydrates content and expectedly, the energy value 
of the supplemented biscuits. Obviously, the decrease in carbohydrate content of the sample was due to the 
increased level of supplementation with the protein concentrate. At 6% Moringa seed protein concentrate 
supplementation, the biscuits recorded the highest crude protein (12.98%), crude fiber (0.97%) and ash (2.86%). 
These results were similar to previous study on crackers produced from blends of acha and pigeon pea [4]. The 
control sample had the highest carbohydrate content (71.02%) while 6% Moringa supplemented biscuit had the 
least carbohydrate content (66.94%). This observation is in line with other studies that also reported low level of 
carbohydrate content of biscuit from wheat-maize-sesame flour blends [5]. The carbohydrate content (65.88-
72.54%) of the Moringa supplemented biscuit samples produced in this study is within the range of the 
carbohydrate content (59.81–70.89%) when compared to the previous result of biscuit samples produced from 
composite flour of wheat, maize and sesame flour blends [5].  
The result of the physical characteristics of wheat biscuit and supplemented biscuits is also presented in Table 
1. From the result, the diameter, weight and spread ratio of the biscuits increased with increase in Moringa seeds 
protein concentrate. Biscuits from 100% wheat flour recorded the lowest weight, diameter and spread ratio of 10 
g, 5.60cm and 8.02cm respectively while sample WMS6 had the highest value of 16 g, 6cm and 10.71cm 
respectively. The increase could be due to the removal of high oil content of the added Moringa oleifera seed, 
which agreed with previous findings [22]. Spread ratio or diameter is used to determine the quality of flour used 
in preparing biscuits and the ability of the biscuit to rise [23]. The higher the spread ratio of biscuit the more 
desirable it is [24]. The Moringa seed protein concentrate flour had a high and positive effect on the spread ratio. 
The inclusion of Moringa seed protein concentrate (MSPC) flour enhanced the spreadability of the biscuit samples 
and the level of substitution affected the ability of the biscuit to withstand stress. The spread ratio increased with 
increasing level of substitution with Moringa seed protein concentrate as the values varied from 8.02–10.71. The 
biscuits from 100% wheat had the lowest value of 8.02 while the biscuits from sample WMS6 recorded the highest 
value of 10.71. Weight of the biscuits increased significantly (p ≤ 0.05) with increase in the amount of Moringa 
seed protein concentrate in the sample (10.02-16.01g) and this effect is applicable to diameter. The increase could 
be as a result of low fat content of Moringa seed protein concentrate. These results are similar to earlier observation 
[22] on cookies from sweet detar and Moringa leaf flour blend and [25] on cookies from Bambara groundnut. The 
difference in the observation could be because the other biscuits were produced from wheat flour that was 
substituted with legumes. 
The moisture contents (2 - 3%) of the supplemented biscuit and the control sample (2%) were below the 10% 
moisture level which had been reported safe for keeping of flour samples [9] indicating good shelf stability of the 
products. Previous researchers had observed that lower moisture content of foods (less than 10%) could contribute 
immensely to the keeping quality of such foods [25,26]. The crude fibre contents of the biscuit samples were 
observed to be generally low (0.57–0.96%) though supplementation slightly increased the crude fibre content; this 
may be attributed to the low level of crude fibre in both wheat flour and Moringa seed protein concentrate flour 
used in the preparation of the biscuit. Ash is the aggregate of all non-volatile inorganic elements and an index of 
the mineral content of food. The increment in the ash content of the biscuit samples could probably be due to the 
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higher supplementation level with Moringa seed protein concentrate. The ash content (0.97–2.86%) obtained in 
this study is in line with the ash content (1.7–2.6%) of cookies fortified with dried Moringa leaves [27].  
 
Table 1. Proximate composition and physical characteristics of biscuit supplemented with Moringa oleifera 
seed protein concentrate 
SAMPLES WF WMSP2 WMSP4 WMSP6 MSPC 
Protein  10.52±0.10c 10.96±0.11c 12.60±0.30b 12.98±0.10b 57.92±0.10a 
Moisture  2.05± 0.18c              1.98±0.41d         2.25±0.29c              3.11±0.69b                  8.00±0.16a 
Crude fibre 0.57±0.10ab 0.82±0.11ab 0.94±0.11a 0.97±0.10a 0.32±0.12ab 
Crude fat 13.11±0.30b 14.21±0.14a 13.67±0.31ab 13.35±0.33ab 6.45±0.31c 
Total ash 1.30±0.34b 2.24±0.32a 2.58±0.32a 2.86±0.10a 0.97±0.10b 
Carbohydrate 71.02±0.61a 70.03±0.27ab 69.43±0.21b 66.94±0.61c 26.32±0.35d 
Energy (kcal) 454.65±3.69a         446.02±2.72ab      445.30±3.15ab      438.98±3.83b               395.13±1.22c 
Weight(g) 10.02± 0.29 d 13.05±0.29c   15.04± 0.23b   16.01±0.29a             
Thickness (cm) 0.70±0.15a 0.67±0.21b 0.60±0.21bc 0.56±0.18c  
Diameter (cm)   5.60±0.29bc 5.80±0.29bc 5.82±0.25b 6.00±0.20a  
Spread ratio 8.02±0.22cd 8.65±0.24c         9.70±0.19b 10.71±0.25a  
Values with different superscripts within the same row are significantly different (p ≤0.05). 
Keys: WF = 100% Wheat flour, WMSP2 = 98% Wheat flour and 2% Moringa seed protein concentrate flour, WMSP4 = 96% 
Wheat flour and 4% Moringa seed protein concentrate flour, WMSP6 = 94% Wheat flour and 6% Moringa seed protein 
concentrate flour,MSPC = Moringa seed protein concentrate. 
 
3.2 Amino acid profile of biscuit supplemented with moringa oleifera seed protein concentrate 
Table 2 shows the amino acid profile of biscuit supplemented with Moringa oleifera seed protein concentrate. 
The results revealed a concentration dependent increase on the amino acid with sample WMSP6 containing the 
highest values of all the amino acids, including the essential amino acids. Supplementation of the biscuits with M. 
oleifera seed protein concentrate significantly improved the amino acid contents when compared to the control 
sample (WF). Specifically, M. oleifera seed protein concentrate substantially increased the quantity of most of the 
essential amino acids which have been identified to be in lower concentrations in wheat flour and as confirmed in 
Table 2. In addition, it was observed that the essential amino acid values in WMSP6 were generally higher than 
the recommended FAO/WHO reference. This result therefore implies that the formulated biscuit contains 
appreciable amount of essential amino acid. This is particularly important as this is necessary for proper growth 
especially for children who are the major consumers of biscuits. 
 
3.3 Mineral composition of biscuit supplemented with moringa oleifera seed protein concentrate  
The mineral contents of wheat biscuit and biscuits supplemented with Moringa oleifera seed protein concentrate 
at 2%, 4% and 6% are given in Table 3. Supplementation with M. oleifera seed protein concentrate only led to a 
marginal increases in the supplemented biscuits. The slight increase may also be due to the content of the minerals 
in the protein concentrate which is comparable to the control sample. Moringa seed powder has been reported to 
be rich in minerals that are essential for human development and growth [28]. Copper is required in the body for 
enzymes production and biological transfer of electron [29]. Low level of zinc and copper (0.05– 0.09 and 0.04-
0.08 mg/100 g respectively recorded for the supplemented biscuits in this study could be as a result of low zinc 
and copper content in Moringa seed [30]. The calcium content (11.40–12.7 mg/100 g) of the Moringa 
supplemented biscuit reported in this study is higher than the calcium content (1.24–1.98 mg/100 g) of malted 
sorghum-soy biscuit [31]. The high calcium content of the biscuits produced in this study is an indication that the 
biscuits may promote bone development and strong teeth in children. Potassium and phosphorus are important 
component of cell and body fluids that help control heart beat rate and blood pressure [32]. The potassium content 
(12.90 –14.5 mg/100 g) of the supplemented Moringa seed protein concentrate biscuit reported in this study is 
higher than the potassium content (4.60–6.20 mg/100 g) of wheat-sweet potato biscuit [33]. The phosphorus 
content (15.8–17.5 mg/100 g) of the Moringa seed protein concentrate biscuit was higher than that of the un-
supplemented biscuit (14.6mg/100 g). Lead and cadmium are heavy metals whose presence are not desired in 
foods. Lack of these metals in the biscuits is an indication of its safety and fitness for consumption [30]. It implies 
that biscuits will not adversely affect the body system if consumed, especially with such illnesses resulting from 
consumption of heavy metals. In summary, these results suggest that biscuit of good mineral contents can be 
produced when wheat flour is supplemented with Moringa seed protein concentrate flour. 
 
3.4 Microbiological properties of biscuit supplemented with moringa oleifera seed protein 
concentrate 
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Results of the microbiological analysis of the biscuit samples are shown in Table 4. The results showed that the 
biscuit samples (100% wheat, 2%, 4% and 6% Moringa seed protein concentrate) contain 2,  2, 7 and 7 (103/gm 
cfu/g) total viable count respectively which is significantly lower than the previous report for bread [34,35]. There 
was no yeast or mould detection for all the biscuit samples indicating that proper hygienic condition was 
maintained during the preparation and storage of the product. High temperature of the baking process may also 
have resulted in the values obtained. Therefore, the biscuit prepared by supplementing wheat flour and Moringa 
seed protein concentrate flour are microbiologically safe for human consumption. 
 
Table 2. Amino acid profile (g/100 g) of biscuit supplemented with moringa oleifera seed protein concentrate 
Samples WF WMSP2 WMSP4 WMSP6 MSPC FAO/WHO (2007) 
Essential amino acids      
Phenylalanine 2.05b 2.17b 4.00a 4.09a 4.25a 3.8 
Histidine 2.12b 2.24b 3.90ab 3.94ab 4.03a 1.5 
Methionine 1.23b 1.34b 2.75a 2.81a 2.94a 1.6 
Valine 3.87bc 4.02b 5.00a 5.08a 5.20a 3.9 
Tryptophan 3.87b 3.94b 5.07a 5.13a 5.23a 0.6 
Threonine 2.20b 2.41b 3.84a 3.99a 4.10a 2.3 
Isoleucine 1.86bc 2.01b 3.11a 3.14a 3.34a 3.0 
Leucine 4.22b 4.54b 5.83ab 5.95ab 6.02a 5.9 
Lysine 3.07b 3.16b  6.07a 6.14a 6.57a 4.5 
ƩEAAs 24.49d 25.83c 39.57b 40.27ab 41.68a 
 
Non-essential amino acids       
Glycine 2.08b 2.17b 4.15a 4.20a 4.30a  
Alanine 2.39b 2.60b 4.51a 4.60a 4.85a  
Serine 2.80b 2.95b 3.80a 3.88a 3.96a  
Proline 1.59b 1.81b 3.00a 3.04a 3.14a  
Aspartic 6.82c 7.01b 8.00a 8.11a 8.84a  
Cysteine 0.23ab 0.30ab 0.48a 0.52a 0.61a  
Glutamic 9.83d 10.04c 11.17b 11.45b 12.06a  
Tyrosine 1.81b 1.94b 3.20a 3.23a 3.35a  
Arginine 4.00b 4.11b 6.06a 6.10a 6.24a  
ƩNEAAs 31.69e 33.14d 44.53c 45.35b 47.66a  
Keys: WF = 100% Wheat flour, WMSP2 = 98% Wheat flour and 2% Moringa seed protein concentrate flour, WMSP4 = 96% 
Wheat flour and 4% Moringa seed protein concentrate flour, WMSP6 = 94% Wheat flour and 6% Moringa seed protein 
concentrate flour. 
 
Table 3. Mineral composition of biscuit supplemented with moringa oleifera seed protein concentrate 
Keys: W = 100% Wheat flour, WMSP2 = 98% Wheat flour and 2% Moringa seed protein concentrate flour, WMSP4 = 96% 
Wheat flour and 4% Moringa seed protein concentrate flour, WMSP6 = 94% Wheat flour and 6% Moringa seed protein 
concentrate flour. 
 
3.5 Sensory qualities of biscuit supplemented with moringa oleifera seeds protein concentrate 
The sensory properties of biscuit produced from wheat and the supplemented wheat biscuit are shown in Table 
5. Biscuits produced from 100% wheat (control) were rated higher in appearance and taste when compared to other 
Samples(mg/100g)        WF WMS2 WMS4 WMS6 MSPC 
Sodium 33.80d    34.50c    35.20a      36.40a     35.70a           
Potassium 12.40c 12.90c 13.70b 14.50a 14.10a 
Calcium 10.80c 11.40b 12.10a 12.70a 12.30a 
Magnesium 11.70d 12.20c 13.40b 14.20a 13.70b 
Phosphorus 14.60d 15.80c 16.90b 17.50a 17.20a 
Copper 0.04a 0.05a 0.07a 0.08a 0.07a 
Zinc 0.05a 0.06a 0.08a 0.09a 0.08a 
Lead ND ND ND ND ND 
Cadmium ND ND ND ND ND 
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biscuit samples. This result could be due to the familiarities of the panelist with the wheat flour biscuit. Increase 
in the level of Moringa seed protein concentrate flour in the samples increased the aroma of the biscuits by the 
panelists. While general familiarity and wide acceptance of wheat biscuits by the panelists may have resulted in 
higher ranking of some of the sensory qualities evaluated, the overall acceptability indicated that there was not 
much disparity (7.23 – 7.38) among the samples. 
 
Table 4. Microbiological properties of biscuit supplemented with moringa oleifera seed protein concentrate 
Microorganisms WF WMS2 WMS4 WMS6 
Total viable count (103 cfu/g)  2 2 7 7 
Coliform (103/g)  Nil Nil Nil Nil 
Yeast and mould (103 cfu/g)           Nil Nil Nil Nil 
Keys: WF = 100% Wheat flour, WMSP2 = 98% Wheat flour and 2% Moringa seed protein concentrate flour, WMSP4 = 96% 
Wheat flour and 4% Moringa seed protein concentrate flour, WMSP6 = 94% Wheat flour and 6% Moringa seed protein 
concentrate flour. 
 
Table 5. Sensory qualities of biscuit supplemented with moringa oleifera seed protein concentrate 
Samples  WF WMSP2 WMSP4 WMSP6 
Appearance 7.38±0.18a 7.30±0.41a 7.15±0.22a 7.21±0.24a 
Taste 6.54±0.41a 6.50±0.38a 6.55±0.47a 6.95±0.48a 
Crispness 7.10±0.20a 7.15±0.30a 6.76±0.39a 6.92±0.37a 
Aroma 7.03±0.48a 7.07±0.29a 7.15±0.11a 7.30±0.40a 
Overall acceptability 7.38±0.24a 7.38±0.32a 7.23±0.17a 7.30±0.37a 
Values with different superscripts within the same column are significantly different (p ≤0.05).  
Keys: W = 100% Wheat flour, WMSP2 = 98% Wheat flour and 2% Moringa seed protein concentrate flour, WMSP4 = 96% 
Wheat flour and 4% Moringa seed protein concentrate flour, WMSP6 = 94% Wheat flour and 6% Moringa seed protein 
concentrate flour. 
 
4. Conclusions 
 
This study was carried out in order to test for the nutritional and sensory qualities of biscuit produced from 
wheat and Moringa seed protein concentrate flour. The supplementation of biscuit with Moringa seed protein 
concentrate led to improved nutritional qualities (crude protein content, amino acid profile and mineral element 
composition). This may be essential for the growth and development of children who are the major consumers of 
biscuits. 
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